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§6. Ray Tracing for Millimeter Wave Diagnos-
tics in LHD 
Ejiri, A. 
In order to optimize the design of millimeter wave 
diagnostics, a ray tracing code has been developed. 
The code uses geometrical optics, which is quite 
useful and convenient to investigate propagation of 
rays in inhomogeneous plasmas. Geometrical 
optics, however, doesn't take in~o account the 
diffraction effect. In LHD, the dtstance between the 
plasma and ports is relatively large, so that the 
waves should travel a long distance in the vacuum 
between the plasma edge and windows at the ports. 
If the waves are represented as a Gaussian beam in 
the vacuum, the effect of diffraction is easily taken 
to account. Therefore, the code uses the formula for 
a Gaussian beam propagation between the 
launching window and the plasma, and uses 
geometrical optics in the plasma (Fig.1 ). After the 
waves pass through the plasma, the waves are 
assumed to travel straight (geometrical optics in the 
vacuum). 
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Fig. 1 Schematic drawing of the configuration for a 
microwave interferometer. 
The code uses the dispersion equation for cold 
plasmas, and integrates ray equations by the 
Runge-Kutta method. The step length is chosen to 
be about 0.4 mm, by which enough accuracyis 
obtained. When a ray enters the plasma about 1-
step deep inside, the dispersion equation is solved 
numerically, and two solutions are obtained. One is 
the slow wave (ordinary wave) and the other is the 
fast wave (extraordinary wave).The slow wave is 
chosen to trace for the present purpose. 
The code has been applied to a microwave 
interferometer in LHD plasmas. The microwaves 
with the frequency of 140 and 280 GHz are 
launched from a horizontal window and pass 
through the plasma and reach the window at the 
opposite side (Fig.1). The rays are limited at the 
launching and receiving windows. The purpose of 
the calculation is to find the optimum focusing 
condition, which yields the maximum received 
power. The fractional ratio of the received power to 
96 
the launched power is calculated by tracing many 
weighted rays and summing up the power of rays 
which pass through the windows. 
We assume another condition that the launched 
Gaussian beam has the beam radius slightly smaller 
than that of the launching window 
(w=rwindow/1.25). Under this condition, about 96% 
of the total power pass through the launching 
window. This condition reduces the degree of . 
freedom for the focusing condition from 2 to 1. The 
beam waist size (wo) is used as the parameter of 
focusing condition. Since the beam size at the 
launching window is fixed, the focusing position 
moves outward as wo decreases. 
Figure 2 shows the fraction as a function of the 
plasma central density (ne(O)) for various wo. A 
parabolic density profile is assumed. When we 
increase 11e(O), refraction becomes significant, and 
some rays can not pass through the receiving 
window. Thus, the fraction decreases with the 
plasma density, except the case with 280 GHz. 
This case has the maximum at slightly higher 
density. The fraction of 140 GHz cases can be as 
low as 10% when ne(O) reaches 1020m-3. The case 
with wo=0.02 m has highest fraction (20% at 
1 020m-3) among them. In this case, the waves are 
focused just before entering the plasma. In contrast 
to the cases of 140 GHz, the case of 280 GHz 
suffers smaller refraction, so that it has about 60% 
power at 1 020m-3. 
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Fig. 2 Fractional power passing through the 
receiving window for the cases wo=O.O 1, 0.02, 
0.03, 0.04 m, fo=140 GHz, and wo=0.02 m, 
fo=280 GHz. 
Although the code only partially takes into 
account diffraction effect, it is quite useful to show 
qualitative behavior of waves. It shows that the 
focusing condition is important to achieve higher 
receiving power over the wide range of the density. 
